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POST-WAR CONDITIONS AND DEVELOPMENTS, WITH PARTICULAR REFERENCE
TO THE ELECTRICITY SUPPLY INDUSTRY.

(ABSTRACT.)

I. GENERAL CONSIDERATIONS.

The terrible strain of more than four years of war
under the intensified conditions of the modern world
of science and industry, the alternations of failure and
success, the continual crises and the final almost un-
expectedly complete triumph, appeared at the time
to have absorbed the whole emotional capacity of the
nation.

The ordinary man assumed, often unconsciously,
that the nations as a whole would gladly return to peace-
ful pursuits and that the principles and benefits of
national, and even international co-operation, learnt
during the war, would continue to be applied in peace,
thus not only balancing the economic losses of the war,
but permitting of an increased standard of living
among the poorer clasess. If nations could be run as
business concerns, this is what might have happened ;
but, when the unifying influence of immediate danger
was removed, distrust, jealousy, ambition and greed
rapidly sprang up between nations and classes and indi-
viduals alike, and now, two years after the armistice,
we are in the midst of an aftermath of conflict and
disturbance, which is as world wide and as perilous as,
and in many ways more complicated than, the war
itself.

A careful study of English history a century ago
shows several remarkable resemblances to the present
day. As we all know, it was a time of international
strife, as severe, relatively to the conditions of the age,
as the recent wars, but it is not so generally remem-
bered tha t it was also a period of acute industrial strife.
Between 1760 and 1832 occurred the industrial revolu-
tion, and the history of the time reads like a history of
civil war. It was the period of the invention and intro-
duction of machinery, and the fight centred upon
who should get the benefits of the resulting increased
production and wealth. The present generation has
seen the discovery of mass production and of the reduc-
tion of costs by combination and the elimination of
competition. Once again the struggle centres upon
who shall reap the benefits, and once again it seems
obvious to the impartial observer that they should
be spread over the entire community. That this was,
on the whole, the final outcome of the former bitter
struggle is, to some extent, a ground for hope that the
present unrest may work itself out to a similar basis
of general mutual contentment.

During the past half century the masses have gained'
their intellectual freedom, and now the vital need is
for them to be taught how to make the best use of it.
They are much in the position of the boy verging on
manhood who feels his training is over when it is just
beginning, and who realizes his powers without feeling
his responsibilities. It is a critical period in every boy's
life ; he must not be bullied or driven, but yet he must
be directed, which involves restraint in some directions
and encouragement in others. It appears to me that
modern industrial life is at a similar critical stage,
and moral as well as material help will be needed if the
nation is to recover. A higher aim in life than having
more money than one's neighbour, a truer appreciation
of the psychological bases of happiness, a more varied
and intelligent use of leisure hours, and a greater sense
of individual responsibility in communal affairs are
essential to all classes alike. They would make the
richer classes realize the need for remedying the glaring
material inequalities of the present structure of society
and would show the poorer classes that progress, to be
sure, must be gradual, while both would learn that col-
lective effort accomplishes more than individual effort,
whether the units be individuals or sections of the
community.

If the national activities could be organized like the
team work in the football field and the same sporting
competitive spirit encouraged between nations as exists
in our leisure occupations, there would be some hope
for the world. Bitterly do the employers of to-day
realize how the selfish individualistic cutting of piece
rates in the past has recoiled on their heads to-day ;
equally bitterly will employees in the future regret
the modern tendency to the limitation of individual
output. The greatest need of the day is for both to
reach a mutual understanding and build up the national
team on the two cardinal principles that maximum
individual effort coupled with maximum co-ordination
produce the maximum result, and that each member
has individual responsibility for the success of the whole.

Two other features of modern industrial life which I
can only touch on here are the general reduction of
hours of work coupled with an increased standard of
living, and the over-concentration of the population
in manufacturing centres.

Hours can only be shortened without decreasing
production and wealth, if each individual produces.
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more in the same time ; and if, in addition, the standard
of living is to increase, production per hour must increase
at a greater rate than the reduction of hours. This can
only be accomplished by a more extended use of
machinery, and, hence, engineers must do more work
in order that the mass of the population may do less.

Over-concentration is again mainly a problem for
the engineer and is becoming more urgent each year.
Our towns have passed their economic limit in density
of population, with the result that there is a great
waste of time and labour in unnecessary transport of
both people and materials, while the value of land in
such congested centres is such that it is not economi-
cally possible to provide sufficient fresh air per inhabi-
tant. One proof of this is that, although rents are
highest in densely populated areas, such areas are
usually saddled with the highest rates.

II. ELECTRIC POWER AS AN AID TO NATIONAL
RECOVERY.

When national recovery is viewed from the more
material side, it is apparent, both from a study of
economics and also from the experience of nations in
the past, that the most important factor in quickly
raising the burden of taxation and restoring the national
wealth is some special development of applied science.
The general application of steam power to industry was
the main source of England's speedy recovery from
the Napoleonic Wars. In more recent times the
burden on the community of the American Civil War,
which was waged on a scale still scarcely appreciated
in this country, was forgotten in 10 to 15 years owing
to the discovery and development of the enormous
mineral wealth in copper, iron and coal lying ready to
hand in the unexplored west. To what are we to look
for similar assistance to-day ? Beyond the bare possi-
bility of the discovery of the key to the almost un-
limited energy locked up in the atom, only two main
sources are in sight, scientific organization of produc-
tion and the closely allied question of the general
application of electric power. The first is too wide a
subject to be dealt with here, but the second is the
immediate concern of us all as electrical engineers,
and we must, therefore, exert ourselves to the utmost
to be worthy of our place of honour in the national
team.

Broadly speaking, the steam turbine was not such a
radical innovation as was the reciprocating steam
engine and, similarly, electric power as hitherto applied
to industry is more a refinement than a new departure ;
but as our most promising means of increasing pro-
duction it is of the greatest importance to the nation
at the present time. It is a striking fact that in the
whole of the United States the consumption of elec-
tricity per annum per head of the population in 1919
was 368 units, while even on the North-East Coast,
which is admittedly the most electrically developed
part of our country, the corresponding iigure was about
260 units.

In other ways, however, electric power will produce
more radical changes in the life of the community.
Due to the ease and cheapness with which it can be

distributed and the efficiency with which it can be
utilized in the smallest quantities, electric power promises
a revolution in reducing and simplifying the labour of
the household in a way which can be approached by
no other agency. Progress in this field has lagged
behind progress in the industrial field, with the result
that, generally speaking, the conditions under which
the men of to-day are working show a relatively greater
improvement than those of the women. In this country
a power-driven washing machine or vacuum cleaner
is looked upon as a luxury. In Chicago the monthly
sales of the supply undertaking, i.e. excluding sales
through contractors, are 650 washing machines and 1 200
vacuum cleaners. There are now 82 makers of washing
machines in the States, and the various electrical
firms are making preparations to manufacture fractional
horse-power motors for this and similar domestic
purposes by the million.

Electricity will also be a most important factor in
dealing with the question of over-concentration, both
of industry and of population ; the latter through
cheaper and more efficient transport, the former through
the ease with which relatively small works concentrating
on a few lines of specialized production can be spread
over the country without loss in efficiency of the appli-
cation of power and with consequent economy due to
lower rates, cheaper land and cheap well-lighted single-
story buildings covering a relatively large area. An
equally important share in facilitating decentralization
will be taken by another branch of this Institution,
viz. our friends the telephone engineers, and I hope
that they will bear this in mind in the expenditure of
the £10 000 000 which can be raised for telephone and
telegraph developments under the recent Act.

There is no doubt that in the international electrifica-
tion of industry this country holds a natural advantage
due to the low cost of distribution resulting from our
dense population and our relatively small area, added
to which we are not faced with expensive long-distance
transmission, since our long coast line, frequent rivers,
and widely distributed coal-fields make it economical
for us to generate separately in each of the much dis-
cussed 16 areas, the main requirements of the par-
ticular area without serious need for high-capacity
interconnection between them. This is clearly shown
in the area covered by our Territorial Centre. It is
traversed by three large rivers and several smaller-
ones, it has coal-fields in the north and the centre,
and it is bounded on all three land sides by very sparsely
inhabited country, such as the foothills of the Cheviots,
and the Pennines and the Yorkshire moors.

The steady pioneer work in the electric power supply
industry during the last 20 years bore,most astonish-
ing fruit during the abnormal growth of certain of our
industries in the war period. It is estimated that 95.
per cent of the new mechanical power was applied
through electric motors, while in 557 undertakings the
average increase in plant capacity was 101 per cent.
Such striking figures caught the imagination of both
politicians and business men, and for the time we had
the stimulating, if in some ways rather alarming,
experience of forming a plank in a political platform,
and of appearing in the speeches of the Prime Minister..
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Generally speaking, the momentum of this wave of
enthusiasm has been useful in removing many long-
standing obstacles to the proper technical development
of electricity supply, fortunately without, so far, carry-
ing the changes to undesirable extremes. The re-
organization of the Government's control of the industry
by the Electricity (Supply) Act of last year, while
still amenable to improvement, is much more thorough
and satisfactory than any electrical engineer would
have ventured to hope for previous to the war.

During this year the appointments have been made
of the Electricity Commissioners who are to carry into
effect the provisions of the Act, and these appoint-
ments have not only proved acceptable to all the
diverse interests in the industry but have been such
as to give confidence to the industry as a whole. The
Commissioners have already made considerable pro-
gress with the necessary preliminary work, such as
delimiting areas and initiating schemes for unified
systems of power distribution centring on the more
densely settled industrial areas of the country, but it
wo aid be unfair to place the whole responsibility for
this reorganization upon them alone. Their main
duty is to lay down the correct lines of policy, and, to
the extent of their powers, to guide developments
accordingly. Without the constant and energetic
support of the industry as a whole the work of the
Commissioners will be greatly handicapped, and it is,
therefore, to be hoped that supply undertakings and
their managers will succeed in setting a high standard
of team work for other classes of the community to
live up to. This is so vital to proper development
that at a later stage I propose to refer to it a little more
fully.

HI. PROBLEMS CONFRONTING THE ELECTRICITY

SUPPLY INDUSTRY.

I t is now seven years since our past chairman, Mr. C
Vernier, in one of the most inspiring Addresses delivered
before this Centre, dealt in a very comprehensive
manner with the problems then affecting the electricity
supply industry. In some respects considerable
advances have been made, but in many more we still
seem little further forward, and that Address, together
with Dr. Ferranti's still earlier Address as President,
are well worth re-reading to-day. While I do not
propose to attempt to deal so completely with the same
subject, there are a number of matters of immediate
interest to which I believe attention can usefully be
directed. These appear to me to fall under six main
headings:—

(1) Adjustment to post-war conditions.
(2) Technical advancements towards economy in

(a) Generation.
(b) High-pressure transmission and distribution.
(c) Detail distribution.

(3) Tariffs.
(4) Provision of capital.
(5) Relations with employees.
(6) Co-operation between undertakings.

Bri tish
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(1) Adjustment to post-war conditions.—I have
placed this first for two reasons ; none of us has yet
fully awakened to the fact that the true value of money
is not its amount in pounds sterling but the commo-
dities for which it can be exchanged, and, secondly,
both the actual and relative values of various kinds of
material and labour have appreciably changed. Mr.
Frank Walker has dealt with the general subject very
lucidly in an article in the Beama Journal * which I
would commend to the notice of members.

Fig. 1 reproduced from this article shows the rate
at which the cost of an average combination of labour
and material has increased, and for comparison I give
a corresponding curve for similar costs in the United
States. The rate of increase of the latter would be
greater if expressed in British currency, due to the
declining rate of exchange.
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FIG. 1.—Rate of increase in cost of an average engineering

combination of labour and material.

To the figures given by Mr. Walker, I may add the
following approximate figures which are of direct
interest to those engaged in electricity supply.

TABLE 1.
Relative Cost

July September
1914 1920

Foundation work and civil engineering 100 295
Steel-framed buildings 100 280
Boiler plant 100 360
Turbo-alternators and condensing plant 100 325
Substation buildings 100 300
Switchgear 100 240
Transformers 100 330
Rotary converters . . . . . . 100 315
11 000-volt f cable without excavation 100 180
Low-pressure cable without excavation 100 215
Excavation and reinstatement for cables 100 505
Creosoted wood poles . . . . . . 100 375
Line insulators . . . . . . . . 100 350
Bare copper strand . . . . . . 100 195
Insulating oil . . 100 240
Motors 100 330
Metal filament lamps J 100 100
Lighting fittings 100 200
Disposal of ashes 100 380
Manual labour in power stations § . . 100 390
Salaries of technical staffs § . . . . 100 220 f̂

* " Engineering Costs, July 1914 to June 1920," 1920, vol. 7, p. 9.
t During the period considered the thickness of insulation has been reduced.
j Vacuums have gone up, but gas-filled have gone down and are now used

very extensively, so that the average is about as shown.
§ The figures allow for the reduction of hours which has taken place between

the periods considered.
*t This figure will vary between wide limits for different undertakings, due to

the fact that in pre-war times employees engaged in similar work received very
different remuneration. It will also vary widely between the different grades
of staff.
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TABLE 1—continued.
Relative Cost

July September

London District

West of Scotland

North-East Coast

Typical power-station coal:
Per Ton
Per B.Th.U.
Per Ton
Per B.Th. U

\ Per Ton
I Per B.Th.U.

1914

100
100
100
100
100
100

Return on capital invested at the time in :

2f % Consols

Typical Corpn.
Stock

Typical Indus-
trial Pref. Share

Actual
Relative
Actual
Relative

j Actual
I Relative

3-3%
100
3-7%
100
4-8%
100

1920

249
309
377
384
380
354

5-45%
165
5-9%
159
7-1%
148

Electricity supply:—

Number of undertakings examined
Total Working Expenses

Total Revenue

Gross Profit
Total Working Expenses

Gross Profit
Capital Expenditure

Gas Supply :—
Number of undertakings examined
Total Working Expenses

Total Revenue
Gross Profit

Total Working Expenses
Gross Profit

Capital Expenditure

1913-14 1919-20
283 304

46-5% 64-3%

115% 55-6%

7-57% 7-76%

52 50

80-2% 87-5%

24-6% 14-3%

5-06% 5-74%

From Mr. Walker's figures and the foregoing table
the following general conclusions may be drawn :—

(1) Electrical transmission and distribution are rela-
tively favourably situated as regards materials,
due to the comparatively low increases in
copper and lead.

(2) The electricity supply industry benefits from the
small amount of unskilled labour employed.

(3) I t has been affected by the changed conditions
no more than the gas industry which is its
rival in the domestic field.

(4) The relative proportions of capital costs, labour
and fuel are approximately the same as they
were befdre the war, but, due to increased
rates of interest, capital charges are relatively
greater.

(5) The revenue has not increased by anything like
the same proportion as the working costs,
due to a large proportion of the capital em-
ployed having been expended in pre-war times.
This difference must, however, gradually
become smaller since the pre-war plant is
steadily wearing out, and all repairs, renewals,
and replacements must be carried out at post-
war values.
VOL. 59.

(2) Technical advancements towards economy.—In
dealing with this part of the subject we, in this Centre,
are fortunate in our association with an area of the coun-
try which, due to various reasons, but primarily to the
initiative, courage and foresight of a few local engineers,
has been an experimental ground for most of the ad vances
which have taken place during the past 20 years. In
addition, I have personally had the good fortune to
have recently paid a short visit to the United States
under conditions which brought me into close touch
with several of the large supply undertakings and the
chief electrical manufacturing works. Since my return
we have also had the pleasure of a visit from two lead-
ing American engineers which has been very encouraging
to many of us in that, although they undoubtedly
have much to teach us, we have in turn many develop-
ments which have proved of interest to them, even though
most of our operations are necessarily on a somewhat
smaller scale.

Before considering the sub-headings into which I
have divided this section, it is very necessary to
emphasize the importance of always bearing in mind
that it is the true overall economy which is the iaeal.
Not low steam consumption or even low B.Th.U.'s
per unit in the power stations ; not maximum carrying
capacity in the distribution system, but minimum
overall costs taking into account capital charges, labour,
materials and continuity of supply.

(a) Generation.—Economy in generation can be
sought in at least eight directions :

(1) Increased use of plant.
(2) Reduction in proportion of spare plant for over-

haul and stand-by.
(3) Utilization of all available forms of waste energy.
(4) Reduction in capital costs per kilowatt.
(5) Reduction of operating expenses.
(6) Improvement in thermal efficiency.
(7) Utilization of low-grade fuel.
(8) Combination, or co-operation with other allied

industries.

Although the war has accustomed us to, the economics
of mass production, it is significant that the first six
headings are at once seen to depend upon supplying the
requirements of each industrial area from a single
unified system, while on the most cursory examination
the same can be said of the remaining two.

The day is, fortunately, past when the disadvantages
of the parochial character of the majority of our
undertakings required special emphasis before a technical
audience, and the more obstinate non-technical diffi-
culties are considered later under the heading of
" co-operation."

The first requirement of such a unified system is a
general network of mains, of the same frequency but
not necessarily the same voltage, covering the entire
industrial area and so much of the agricultural fringe
as can conveniently be incorporated with it. With
such a network full advantage can be taken of the
diversity between the periods at which individual
consumers and the separate industries require their
maximum supplies, spare plant can be pooled, and
surplus energy from certain industrial processes absorbed

3
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into the general system, or shortage of such energy
for local requirements made up from the system. The
unified network is, therefore, sufficient in itself to deal
with the first three items, and experience shows that
in this way alone the capital expenditure on generating
plant can be halved, or, to put it in another way, each
kilowatt of plant can produce annually twice the number
of units.

The natural development from the unified network
is the concentration of generation on the most suitable
sites using the largest units of plant, or to adopt the
phraseology of the day, the "super power station."
Advantages immediately accrue under items (4), (5)

Percentage rate assumed, for capital
charges {i.e.interest &. depreciation)

"12% 15 17^20 25 30 40%

spend in order to save one-tenth of a pound of coal
per unit, taking into account load factor, cost of coal,
and rate of capital charges. For typical present-day
figures of 40 shillings per ton for coal, and \2\ per
cent for interest and depreciation, the maximum addi-
tional capital per kilowatt is £6-3 at 100 per cent load
factor and, of course, half this, or £3-15 at 50 per cent
load factor. The diagram only gives approximate
results, as it is based on the assumption that to save
coal it is only necessary to spend more capital. In
practice various other items such as repairs, labour,
electricity for driving auxiliaries, oil, water, etc., enter
into the question to some extent, but it is not easy to

7 6 5 4 3 2 1 O 10 20 30 40 50 60 70 80 90 100%
Maximum additional capital cost " • *> Load factor
per kilowatt which it is permissible
to spend to save Yjolb- of coal per unit

FIG. 2.—Curves showing additional economical capital expenditure to save one-tenth of a pound of coal per unit, taking
into account load factor, cost of coal, and rate of capital charges.

and (6), due to the mere increase in size, while further
advantages can be obtained under items (6), (7) and (8),
from the more skilled and specialized design and super-
vision which can be afforded by a large undertaking.
These six ways of improving economy are interdependent
and, in consequence, the design of such a station is
one of the most interesting problems in modern engi-
neering, involving, as it does, a most intricate balancing
up of numberless alternatives requiring a high degree
of technical skill and judgment on the part of the
designing engineer. Perhaps the most fundamental
problem is to form the correct balances between capital
charges and running expenses on the various sections
of the plant, and by far the most important balance
is that involving the thermal efficiency. The general
principles were laid down in 1904* by Messrs. C. H.
Merz and W. Mcl-ellan in their classic paper before this
Institution on " Power Station Design," but in view
of recent changes in relative values it is a suitable
occasion to consider them afresh. This is done in a
somewhat modified form in Fig. 2, which shows the
additional capital expenditure it is economical to

* Journal I.E.E., 1904, vol. 33, p. 690.

deal graphically' with these, and in an accurate deter-
mination the total annual costs of these items must
be separately determined and deducted from the annual
value of coal saved (on the middle ordinate) before
carrying the horizontal line across to the capital
charges line.

The diagram makes clear a fact which was pointed
out nearly 18 years ago by Mr. C. Turnbull, viz. that
in a large undertaking the plant should preferably
vary in fuel consumption according to its duty. For
instance, if the total load curve be of the type illustrated
in Fig. 3 (a), this can be replotted in the form shown
in Fig. 3 (b). It is then apparent that to obtain the.
best results 10 per cent of the plant should be designed
on the basis of 80 to 100 per cent load factor, 30 per
cent on the basis of, say, 60 to 80 per cent load factor,
and so on. Naturally such a scheme cannot be applied
in a very rigid manner, as we are not dealing with a
subject which has technically reached its full develop-
ment. Consequently, it is generally safe to assume
that new plant will operate at a very high load factor
and will, therefore, justify considerable expenditure on
fuel economy, while the more antiquated and uneco-
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nomical plant will be reserved for meeting the purely
peak demands.

The advantage of burning low-grade fuels is, of
course, their relatively low cost, which is due to the
difficulty of burning them without special appliances
and to the higher transport charges resulting from
their greater weight per B.Th.U. Electric power
generation is the ideal form of use for them, as it
minimizes both these disadvantages. Except in special
circumstances and at very high load factors, however,
it is not economical to burn them immediately adjacent
to their source, but each case needs consideration on
its merits, balancing not only transport of fuel against
transmission of electricity but also taking into account
the overall cost of generation in the two alternatives.
Wherever it is burnt, Fig. 2 shows that it is not econo-
mical to aim at as high thermal efficiency with low-
priced fuels as it would be with good coal and, further,
since cost of transport is equivalent to an increase in
cost of the fuel, the thermal efficiency of the power
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FIG. 3 (a).—Typical load curve.
FIG. 3 (b).—Same typical load curve in percentage form.

station should be lower when the fuel is burnt at its
source than when it is transported. Another general
point to bear in mind in connection with low-grade
fuels is that the plant required to utilize them is,
naturally, more expensive to provide and maintain
than plant for dealing with normal coal; hence it is
desirable to make the fullest use of the more expensive
plant, i.e. to run it at the maximum load factors. In
fact, it is often only by running on a high load factor
that it is economically practicable to burn these low-
grade fuels at all, so that it is almost essential to combine
such a plant with an extensive general-supply network.

A somewhat analogous problem arises in some indus-
trial areas where there are no sites in the areas them-
selves at which sufficient cooling water is available for
condensing purposes. The cost of transmission from
suitable sites outside the areas is then equivalent to an
addition to the capital costs of the outside stations
and, if the distance is sufficiently great, this may easily
exceed the additional capital costs of the cooling towers
and sites for the inside stations. In such a case there
is usually a certain limiting load factor below which
the less-efficient cooling-tower station inside the area
has the net advantage. If the demand is sufficiently

large it will, therefore, pay to divide the generation
into two sections : one outside the area dealing with
all that portion of the load which is above the limiting
load factor, and one inside the area, adjacent to the
load, to take the remaining low-load-factor portion.
To arrive at this division the whole demand of the
area will have to be analysed in the form shown in
Fig. 3 (b).

There is one important direction in which improved
economy can be obtained without capital expense,
and that is by concentrating the attention of the station
operating-staff on the boiler house and by increasing
the technical skill of those responsible for supervising
the burning of the fuel. To some extent this is already
appreciated by many undertakings but, on the whole,
our American friends are much more alive to the point
than we are. They have found in their boiler houses
that increased supervision, and also supervision which
is individually more highly skilled and therefore more
highly paid, is a paying proposition. In fact, the present
tendency is to rate the boiler-house superintendent, if
anything, rather above than below the engine-house
superintendent, while the chief charge engineer is
encouraged to spend the greater part of his time in the
boiler house.

Similar principles in balancing capital charges
against running charges should be applied also to
those items of the power-station equipment which do
not directly affect fuel economy, such as coal and
ash-handling plant. For instance, it is justifiable to
spend much more capital in handling the continuous
stream of coal into the boiler houses than on the infre-
quent handling of coal into and out of the store-heaps
which most power stations provide for tiding over
emergency conditions.

The last item—combination or co-operation with
other allied industries—is one on which much thought
and experimental work is being expended at the present
time. Most of this is in connection with low-tem-
perature carbonization of the coal previous to its being
burnt under the boilers, the object being to obtain
the valuable by-products, such as motor spirit, which
are produced by this process. In other directions
mutual economy is technically possible by inter-
working ; with the gas industry—as is done in Chicago—
with electric vehicle companies, such as that recently
formed in this district, with certain electro-technical
and electro-metallurgical industries and with schemes
for public supplies of hot water.

(b) High-pressure transmission and distribution.—In
dealing with generation, efficiency has been one of the
most important items, but, once the power station is
left behind, much the most vital consideration is low
capital cost. This is not to say that efficiency should
be ignored, and in a paper before this Institution* I
have already dealt very fully with the correct balance
between capital charges and cost of losses in the case
of mains, but, once a reasonable amount of copper is
provided, the most important feature in design is to
obtain the minimum capital charges for interest and

• Journal I.E.E., 1916, vol. 54, p. 125. In applying this to post-war con-
ditions it should be borne in mind that, due to the relatively greater importance
of capital charges as compared with running charges, the tendency will be
towards somewhat higher current densities. On the other hand, the relatively
low price of copper tends towards lower current densities.



36 BEARD : NORTH-EASTERN CENTRE : CHAIRMAN'S ADDRESS.

depreciation* consistent with security of supply and
the maximum safety of both employees and the general
public, and it is on this basis that I now propose to
consider the question, f

In this country there has hitherto been little in the
way of transmission, as with our cheap coal and rela-
tively poor water-power resources it has been economical
to generate in proximity to the load. While loads are
small it is unnecessary to use pressures in excess of
those which can be taken direct into industrial sub-
stations, since, due to physical limitations, neither
overhead lines nor cables can be economically designed
for low carrying-capacities at very high voltages. In
some areas this stage is already passed and in time, as
electricity supply develops, this will apply to many
other areas. Considerable attention has therefore been
recently directed to the use of pressures above 20 000
volts, and several schemes are already under con-
struction in which a voltage of 33 000 has been adopted,
while in other cases still higher pressures are in con-
templation. With such pressures the cost of mains
and switchgear is too high per unit of plant to permit
of their use for general distribution and, accordingly,
practice seems to be crystallizing into the adoption,
for such areas, of a transmission system at very high
pressure covering the whole area and feeding, at a
relatively few selected points, a high-pressure distribu-
tion network (operating at what is still officially called
E.H.P.) which supplies direct to the larger consumers
and to substations for transforming to low pressure
for detail distribution.

In considering our British transmission problem it
is essential to distinguish clearly our special conditions
from those obtaining abroad. Except in a few special
circumstances we do not require to use pressures much
above 20 000 volts from the point of view of pressure
drop. We require them in order to enable us to reduce
the cost of transmission per mile. Further, although
the wayleave clause of the new Act greatly facilitates
the use of overhead lines, our country is so densely
populated, and even the rural portions are so broken
up with villages, farms and plantations, that it would
be impracticable to adopt a standard pressure which
involved overhead construction throughout. Accord-
ingly, a considerable responsibility devolves upon our
cable manufacturers, as the maximum voltage for
which they can build a satisfactory 3-core cable should
undoubtedly be the standard transmission voltage.
Considerable progress has been made during the last
few years, and to-day I understand that most makers are
prepared to supply cables for a working pressure of
44 000 volts, while 55 000-volt cables are being made
commercially in small quantities, and there is general
expectation of carrying the maximum pressure success-
fully to 66 000 volts. In order to keep the cable diameter
and the weight of the drum lengths within reasonable
limits, this progress has only been possible by improve-
ments in manufacture which permit of greatly increased

• Low depreciation is assumed to involve automatically in most instances
a low cost for routine maintenance and repairs.

t An exception to this is the case of conversion to direct current, but it is now
generally agreed that the balance of advantage is in favour of distributing
alternating current to the industrial or domestic consumer, so that the question
only crops up in the case of traction or special supplies, such as electro-
chemical works.

stresses in the insulation, accompanied by reduced
dielectric losses. A certain amount of caution must
be used in applying test results to actual practice,
and some uncertainty exists as to the behaviour over
extended periods of cables operating at these high
stresses. It may therefore be of interest to mention
that, by co-operation with the cable makers, several
special lengths of single-core cable with from 0-1 to
0 • 15 inch of insulation have been for over a year in
successful commercial operation on each phase of a
heavily loaded 20 000-volt system with the neutral
earthed through a limiting resistance.

The adoption of a sufficiently high transmission
pressure resembles the planting of a forest, in that it
calls for a long view of ultimate gain to be obtained.
Given sufficient load it would appear that the most
economical pressure is at least 50 000 to 55 000 volts,
but if the load per feeder is limited the lower pressures
have the advantage. With many undertakings the
load in the next few years is not likely to reach the
amounts which would justify the highest pressure and
hence, at present, there seems some danger of the
extended adoption of pressures which are too low for
maximum ultimate transmission economy and too high
for general distribution purposes.

The co-ordination of railway electrification with
general power supply will have a great influence in
facilitating the development of these transmission
systems. When the railways were built they naturally
followed the industrial channels as far as possible, and
since they were built new industries have naturally
developed along the railways, so that transmission
lines following the general run of the railways (though
not necessarily directly on the railways themselves)
are in a position to pick up both railway and power
loads. This combination means increased loading per
feeder and hence more economical transmission, and at
the same time a higher pressure for the maximum
economy. From this standpoint the recent unanimous
recommendation of the Electrification of Railways
Advisory Committee appointed by the Minister of
Transport, that the power requirements of the railways
should be taken at the same frequency as the standard
frequency for the corresponding power supply area, is
of the greatest importance.

The adoption of a general high-pressure distribution
network fed at several points from a superimposed
transmission system at a much higher pressure intro-
duces some new problems. How frequently shall the
two systems be connected, and what pressure shall be
adopted for the distribution network ? These are to
a certain extent interdependent, and the problem is
complicated by the great variations in load density
and in the magnitude of individual loads which are met
with in practice. My investigations indicate, however,
that the curves of overall costs, using different alter-
natives, are relatively .flat over a considerable range*.
This is a fortunate property of many such curves which
are met with in examining engineering problems, and
it is particularly fortunate in the case under considera-
tion where the variations are almost entirely outside
our control. The greater the load density and the
larger the individual load, the higher the economical
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distribution pressure, and, as the individual loads tend
to be greater on the average in the less dense areas,
the net result tends towards an evening-up of the
theoretically desirable pressures. The most universally
suitable pressure appears to be from 10 000 to 11 000
volts, and from the point of view of standardization I
consider this should be encouraged for all new work,
but the variation in economy due to using 5 000 to
6 000 volts in town areas, and 20 000 volts in colliery
areas, is not sufficient to justify any wholesale change-
overs of existing systems. The number of feeding
points into the distribution network will, naturally,
vary to some extent with the pressure adopted for
transmission. The higher the latter, the greater the
initial cost of tapping it, and hence the larger the area
which can economically be dealt with from each tapping.
While it is very difficult to give definite figures, it may
be useful to give certain indications of the order of the
problem, and I think it may be taken that each main
distribution centre on the transmission network should
deal with, say, 15 square miles in very dense areas and,
say, twice this in areas of medium density. In general,
too, it may be assumed that the capacity of each main
distribution centre will be greater, the denser the area.

When we come to consider how the capital charges
on the distribution network may be reduced, a number
of methods of attack present themselves which may
be summarized under seven headings :—

(1) Revision of regulations and of antiquated safety
precautions.

(2) Increased cost of non-duplicate or semi-duplicate
supplies.

(3) Increased use of overhead lines.
(4) Reduction of unduly high factors of safety of

cables and overhead lines.
(5) Maximum use of the carrying capacity of the

mains.
(6) Reduction in the amount of switchgear.
(7) Saving on buildings.

I do not include in this list the large savings which
expenditure on proper feeder protective gear can effect
by permitting an extensive use of ring mains and general
interconnection, as I have already dealt with this very
fully in the paper to which I have previously referred.*
In any case I think this is quite generally appreciated
in this country at the present time. It is, however, of
interest to note, in passing, that this essentially British
development with which this Centre has been so inti-
mately connected is at present arousing considerable
interest abroad, both in America and on the Continent.

(1) Revision of regulations and of -antiquated safety
precautions.—While for our more highly settled con-
ditions American methods may err on the side of taking
undue risks, we, on the other hand, err from too great
caution. As a new and somewhat mysterious agent,
electricity was hemmed round in its infancy by numerous
Government regulations. Now that electricity has
reached years of discretion it is time that these regu-
lations were thoroughly revised, and I understand that
steps are already being taken by the Institution, at
the invitation of the Electricity Commissioners, to

* Journal I.E.E., 1916, vol. 54, p. 125.

consider what changes are desirable. This is such an
important matter to the industry that it should receive
the widest and most detailed consideration, and I
suggest that before any final conclusions are reached an
opportunity should be afforded to each Territorial
Centre to arrange for a local discussion on the existing
regulations which could form the basis of a report to
the Council from the Committee of the Centre.

(2) Increased use of non-duplicate or semi-duplicate
supplies.—During the early days of public electricity
supply for industrial purposes a good deal of prejudice
existed, and consumers were inclined to treat as a
serious breach of faith by the supply authority short-
period interruptions to the supply which they would
have thought relatively little of if they had occurred
on their own private generating plant. In consequence
it became customary to provide a complete duplicate
supply, resulting in considerably increased capital cost
which was naturally reflected in the price which had
to be charged to the consumer. Although any prejudice
against taking a public supply is, fortunately, to-day a
thing of the past, the tendency to unnecessary duplica-
tion still survives, so that, for instance, when a mill
driven by a single engine is electrically equipped one
often finds two cables and two transformers each of the
full capacity. Each individual case must necessarily
be considered on its merits, so that no general rules
can be laid down, but in view of the present high capital
charges the question of using a single cable, a single
transformer, or both, is worthy of the most careful
attention, as it has perhaps a greater effect on the
capital expenditure than any of the other items. To-
day a single cable is more easily justified than a single
transformer, and one of the greatest needs of the day
is an improvement in the reliability of the static trans-
former.

(3) Increased use of overhead lines.—This calls for no
detailed comment here, except that it is highly desirable
that the methods adopted for protecting the network
should be equally suitable for underground cable or
overhead line, so that there need be no difficulty in
using the latter on any sections of the network where
it is otherwise permissible. Incidentally, a further
necessary feature of the protective schemes is that
they should be suitable for tee connections in view of
the increasing use of non-duplicate supplies.

It would appear that the time is fast approaching
when standardization of overhead lines for pressures
up to 11 000 volts might be carefully considered.

(4) Reduction of unduly high factors of safety of cables
and overhead lines.—Largely due to the efforts of two
of our past chairmen, some progress has been made in
reducing the standard thickness of dielectric on high-
pressure cables, and further reduction is probably
permissible as methods of manufacture improve. While
progress must necessarily be somewhat slow, so as to
be sure, it seems desirable to arrange for existing
standards to be automatically reviewed from time to
time, say every five years. The existing factors of safety
of overhead lines are not only unduly high in many
cases but are also inconsistent, and the Report of the
Committee of the Institution which is considering this
matter is awaited with great interest. It is to be hoped
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that they will give due weight to modern improvements
in protective gear, as a much lower factor of safety is
permissible if the immediate disconnection of a broken
conductor can be assured.

(5) Maximum use of the carrying capacity of the
mains.—We all know the effect of a " bottle-neck " in
reducing the capacity of a railway or tramway. Similar
cases occur on our mains, and extra heating at localized
places, such as substation leading-in ducts, grouped
feeders near a power station, short lengths of cable in
series with overhead lines, etc., may seriously limit
the carrying capacity of long and valuable lengths of
main. If this point is kept carefully in mind when
designing the system, it is not a difficult matter to use
short lengths of increased section at such special places
so that the main as a whole may be loaded to its full
capacity.

Due to the initiative of this Centre, the Institution
some time ago set up a Research Committee to consider
the carrying capacity of the armoured three-phase
cables which are now generally used for high-pressure
work. This Committee, and a similar Committee
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F(G. 4.—Usual lay-out of switchgear for duplicate-supply
substations.

dealing with unarmoured cables, have since been absorbed
in the newly formed British Electrical and Allied
Industries Research Association. In spite of the
difficulties due to the war and to the reorganization
of the control of research, a considerable amount of
useful work has been done at the N.P.L., at Liverpool,
and in Newcastle. An account of this will be published
and discussed at an Institution meeting during the
present session.

(6) Reduction in the amount of switchgear.—It is
surprising to what an extent unnecessary switchgear
is often installed. To take a single instance, it is quite
usual, when a non-duplicate supply is given, to find
a switch on both the high- and low-pressure sides of
the transformer. Obviously, a switch on the high-
pressure side is sufficient in itself to protect the trans-
former and to enable the whole apparatus in the
substation to be made dead when required, so that
there can be no objection to coupling the low-pressure
side of the transformer direct to the busbars of the
distributing switchgear. In designing a substation it
is well worth while to take each switch in turn and
consider carefully whether it performs any useful
function.

When we come to duplicate-supply substations for
important consumers such as large collieries, the cost
of switchgear is a very serious item. Fig. 4 shows the
usual arrangement comprising two incoming feeder
panels, two transformer panels and a non-automatic
busbar sectioning switch to enable supply to be main-
tained in the event of trouble on the switchgear, and
to facilitate maintenance work. This involves four
switches of high rupturing capacity, and one switch
of lighter construction. The arrangement permits of
either feeder being out of commission simultaneously
with either transformer, but the need for this is very
remote and I would suggest that the simplified arrange-
ment shown in Fig. 5 is ample for most requirements.
This reduces the number of switches from five to three,
and it lends itself to an arrangement of balanced pro-
tective gear which includes the whole of the switch-
gear, whereas with the former arrangement the switches
and busbars cannot be protected without considerable
complication. As a result of the protective arrange-
ments the new scheme permits the use of lighter and
cheaper switches for controlling the transformers,
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FIG. 5.—Simplified lay-out of switchgear for duplicate-supply

substations.

since if, due to a specially severe fault, they should
fail to clear, the fault will be no more serious from the
system point of view than the failure of a cable, and
will be cleared by the high rupturing capacity switches
on either side. Due to the reduction both in number
of switches and in the average rupturing capacity, the
overall cost of the switchgear should be reduced to
practically half.

(7) Saving in buildings.—While it is very convenient
to have all apparatus under cover, the present cost of
building is so high that we should seriously consider
the adoption, in whole or in part, of the American
practice of outdoor substations with the necessary
modifications to suit our climate and special condi-
tions. It is doubtful whether outdoor high-pressure
switchgear is suited to our climate, but in any case
American experience shows that it is not economical
at the pressures we use in' this country. The trans-
former can, however, be readily adapted for outside
use at small expense, and by the use of lead-covered
cable connections it can be made safe enough to satisfy
our somewhat high standard. Substations of this
type are being installed in this district.

(8) Detail distribution.—Table 2 shows a rough
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analysis of the incidence of the capital costs which
would be incurred at the present time in giving domestic
alternating-current supplies to a typical garden village.
Three cases have been considered corresponding to
various degrees of domestic electrification.

The high capital cost of the detail distribution in
cases (1) and (2) will repay very careful study, as it is
obvious that its reduction would be one of the most
important aids to a rapid extension of domestic supply.
If one turns for guidance to American practice it will
be found that conditions are much more standardized
than they are in this country. For the dense down-

wire on the secondary. For lighting, single trans-
formers are used, and for power three transformers,
connected in star on the primaries and in mesh on the
secondaries. Occasionally the higher secondary pressure
of 460 volts is used for power. The high-"and low-
pressure wires are run on the same poles and the high-
pressure circuits are worked on while alive. It appears
that up to 4 000 volts ordinary simple precautions
against shock, such as rubber gloves, are satisfactory,
but at higher pressures these give trouble. In this way
a scheme of general distribution has been semi-con-
sciously evolved, which is more flexible and cheaper

TABLE 2.

Nature of Load

Type of Network..

Power station
High-pressure Distribution and Transforma-

tion * . .
Low-pressure Network
Service and Meter

Total

Assumed Connected
Load of Average
Consumer

Lighting kW
Heating and Cook-

ing kW
Assumed Demand of Average Consumer

(l)

Lighting only

Overhead

(2)
Lighting with occa-

sional heating and
cooking

Overhead

(3)
Lighting, cooking and

all heating, with
the exception of a
coal fire in the
living room, which
also provides the
hot water

Underground

Capital Cost per kW of Consumers' Maximum Demand, assuming a Diversity Factor of
30 per cent for all Classes of Demand

£
5-3

4-8
24-4
20-8

£55-3

0-4

—
0-25

£
5-3

4-8
4-4
3 0

£17-5

0-4

1-7
1-7

£
5-3

4-8
1-4
1 0

£12-5

0-4

9-6
8-3

• Direct current would add £1 ' 5 per kilowatt, plus attendance charges and additional losses.

town areas in the big cities direct-current three-wire
distribution with 230 volts across the outers is used.
This involves greater capital expenditure than any of
our networks, but I believe it was economically justified
by the fact that in the early days the supply under-
takings maintained the lamps, and the savings in lamp
costs and renewals at 115 volts more than balanced
the additional network costs. As a result of this low
lamp voltage they were practically forced into using
a high-pressure network for general distribution in the
smaller towns and on the outskirts of the big cities,
with small closely spaced distribution transformers
feeding small groups of consumers. It is almost uni-
versal to use 4 000-volt three-phase four-wire overhead
construction with 2 300/230-volt pole-type transformers
connected from one phase to neutral on the primary
side and with a centre tapping for 115 volts three-

than the British 400/500 single-pressure underground sys-
tems, although it appears to us somewhat unsightly and
dangerous. From statistics which I have seen, one fatal
accident and five shocks to employees and the public
combined occur annually per 1 000 miles of high-pressure
mains. These figures are much lower than might be
expected and, if compared with similar figures for
tramways, motor cars and omnibuses, etc., are rela-
tively negligible ; but public opinion in this country
demands a specially high standard from the electrical
industry, and it is difficult to justify risks to human life
even if they are very small. At the same time one
cannot help contrasting the requirements made upon
us with similar requirements in, say, railway work
where, for instance, the abolition of level crossings
would undoubtedly save many lives.

It. is only of recent years that alternating-current
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distribution has come into its own again, and direct
current, during its vigorous innings, obtained practi-
cally a monopoly of the denser and, therefore, earlier
developed areas. Consequently the problem of dealing
with the' further growth of such areas without the
addition of expensive converting plant is a very live
one. Sometimes it is possible to make a complete
change-over to alternating current, but if the motor
load is too great for this to be practicable, a compromise
is to change over several large blocks of lighting, heating
and cooking load to transformers fed at high pressure.
In this way the whole of the motors can be left on
direct current, and the substation plant and networks
can be relieved sufficiently to enable the smaller new
consumers to be taken on to the existing mains.

I have read with much interest Mr. Wordingham's
plea for lower voltage alternating-current domestic
supplies, but unless one tends towards the American
methods one is rather afraid of producing a further
increase in the already high capital cost of detail dis-
tribution. I find, however, that if 440-volt cables
were operated at 650 volts, three-core cables used in
place of four-core, and small transformers used for
each consumer, the net result would be about the same.
It is a matter for careful consideration whether jointers
could safely work on live cables at 650 volts and whether
the added risks to employees would be more than
balanced by the reduced risk to consumers.

Another direction in which improved methods are
urgently required is in tapping small demands from high-
pressure networks. At one time it was considered a
huge joke if a farmer raised such a question as tapping
a 20 000-volt main which passed his door. This atti-
tude was really a confession of weakness, and much of
American success is due to the boldness with which
they tackle this problem. I am hopeful of considerable
progress in this respect in the future, and this is essential
if 'we are to meet the anticipations which have been
raised of a universally available supply of electricity.

(3) Tariffs.—There are two questions which seem to
me to urgently require a settlement. The first applies
to industrial tariffs and the second to domestic tariffs.

If the economies which may result from power-
factor correction are to be realized, the industrial con-
sumer must be penalized for bad power factor, and the
most direct way to do this is to bring the question of
.power factor into his tariff. This involves special meter-
ing, which is difficult to explain and justify to a non-
technical consumer unless it is a recognized standard.
By co-operation it should be possible to agree upon
such a standard industrial tariff embodying power factor.

On the domestic side a standard single-meter tariff
would undoubtedly do much to promote the general
use of electricity for cooking, heating and power and to
simplify the use of an alternative to the flat rate for
maximum rates under Provisional Orders. The desir-
ability of the genera] adoption of a domestic tariff based
on a fixed charge plus a low unit rate is obvious from the
figures I have given in Table 2.

In default.of a single organization corresponding to
the National Electric Light Association in the U.S.A.,
I would suggest that the Institution might usefully
consider calling a conference of the Associations repre-

senting the various groups of electricity supply authori-
ties, with a view to an agreed standardization on these
two tariff questions.

(4) Provision of capital.—Like all other industries,
that of electricity supply will develop most rapidly
with cheap capital, and this is directly dependent on
the degree of stability of the investment. If electricity
supply is examined from this point of view it will be
found that it ministers chiefly to the real necessities of
the community, and not to its luxuries, while so far
from its suffering from any risk of retrogression all
the basic indications point in the other direction.

Given a stable industry, and one whose development
is essential to the country's well-being, what can be
done to assist it ? In the first place, the public should
realize the necessity for a flow of capital to it. In recon-
structing a bankrupt firm curtailment of expenses is
not more important than wise new expenditure on essen-
tials. While Great Britain is not bankrupt, it is paying
no dividend at present, and economy must be exercised
in every possible direction, but undoubtedly electricity
supply is a case for expenditure on essentials. To
induce such a flow of capital a satisfactory return,
proportioned to modern conditions, must be assured.
If it takes 5 | per cent instead of 3^ per cent to run the
British Empire, is it not illogical to refuse permission
to raise maximum prices until hardship has been proved
based on pre-war rates of interest, and what chance is
there of raising fresh capital under such conditions ?
There seems to me no more short-sighted view than
that the community really benefits by certain sections
obtaining electricity at less than its economic price.
From the broad standpoint, surely the community
benefits most when the undertakings supplying its
needs are healthy and sufficiently prosperous to be
encouraged to adopt a progressive policy of develop-
ment. At this time of continuously varying values
the niggardly and piecemeal revisions of maximum
prices should be abolished and substituted by a uni-
versal sliding scale based on some convenient official
index figure.

The manufacturers can do much to help the supply
industry, and incidentally themselves, • by getting back
as quickly as possible to fixed prices. In the United
States the electrical firms have never departed from
fixed prices and, while our manufacturers have the excuse
that our price fluctuations have been more severe,
many of them have certainly been inclined to use their
monopolistic position during the war to pass on the
uttermost farthing to the purchaser.

(5) Relations with employees.—The last few years
have seen a vast change in the electricity supply in-
dustry. From being one of the least organized indus-
tries it is now one of the most highly organized. It
possesses one of the most developed and successful
of the National Joint Industrial Councils for dealing
with its manual workers ; and also a separate parallel
organization, the National Joint Board of Employers
and Staffs, for dealing with the technical staffs. A
most interesting address could be given on this question
alone, but I propose to refer to two special points only.
The first is the real necessity, in the interests of em-
ployers and employees alike, of preventing the use of
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the industry's lack of storage capacity as a weapon
in external disputes. The second is the accumulating
evidence of the incapacity of some companies and of
many municipal organizations (despite the splendid
work of the I.M.E.A.) to realize their responsibili-
ties as employers both to their staffs and to their
fellow-employers. One result of this, which may have
far-reaching effects, is that they have succeeded in
undermining the natural bias of the directing staffs
towards the employer's side and have forced these
staffs into sympathetic understanding of many of the
difficulties of the manual workers' unions.

(6) Co-operation between undertakings.—Since it is
economically desirable to have super-power stations
and large supply districts, co-operation is the first and
most vital necessity of future progress.

The primary aim of the Electricity (Supply) Act is
the co-operative formation of Joint Electricity Authori-
ties, guided and assisted by the expert knowledge of the
Commissioners.

Difficult as co-operation in itself may be, the correct
form of co-operation is more so, particularly as the
framers of the Act endeavoured to smooth its path by
giving, to all and sundry, representation on the Joint
Electricity Authorities, with the result that they will
tend to become unwieldy and, in consequence, lacking
in enterprise and initiative. Suggestions have been
made that this might be avoided by the Authorities
acting mainly as local supervisory bodies on behalf
of the Commissioners, and delegating their executive
powers to private companies who would be in a position
to finance and operate such speculative undertakings
as super-power stations and coal-distillation plant. If
the Authorities decide to do the work themselves, it
is very desirable that the large consumers should be
fully represented and that there should not be a pre-
ponderance of non-technical representatives of local
authorities. The main function of the Joint Elec-
tricity Authorities will be to generate as cheaply as
possible and to sell in bulk to large industrial concerns
and to the distributors, who in most cases will be the
local authorities. Cheap generation affects large indus-
trial consumers "more directly than it does the domestic
consumer, since we have seen that for the latter the
capital cost of distribution is at least equally impor-
tant. Consequently a strong representation of the large
consumers will tend to the concentration of the Authority
on its main functions, the local distributors being repre-
sented in proportion to their importance as bulk con-
sumers. This would still give the larger municipalities
and companies a considerable representation, while
the smaller local authorities and companies would have
ample scope in dealing with the detail distribution.

I understand that the National Electric Light
Association has done a great deal to foster a co-operative
spirit between undertakings in America, and in this
country we know of the useful work which has been
accomplished by the various sectional organizations,
particularly the I.M.E.A. It is worthy of consideration
whether, under the auspices of our Institution, a more
representative body embracing all sides of the industry,
municipal and company, could not be formed with the
especial object of rendering assistance to the Commis-
sioners in the working of the Act. Each section would
have its own meetings as at present, but, in addition,
periodical joint meetings would be held and a special
annual meeting (possibly in conjunction with the
B.E.A.M.A.) organized each year on the lines of the
N.E.L.A. Convention, which would be the most repre-
sentative gathering of the electrical industry.

Some such means of bringing rival groups into
friendly contact would seem to be the most likely
means of breaking down the non-technical barriers
which impede our progress.

It is a truism that the electricity supply of London
is a political, not an engineering, problem, and in this,
as in many other directions, London is the mirror of
the nation. The preliminary linking up of certain
undertakings in London and in some of the industrial
areas are only prototypes of what should be the uni-
versal practice of the whole country if British prestige
is not to suffer severely abroad. All over the world,
even in the United States, our study of the economics
of concentrated generation and unified distribution
networks and our plans for the post-war reorganization
of our industry have attracted wide attention. France,
Belgium, Holland, Australia and South Africa have
all given the closest study to the subject and in many
cases have made substantial progress, while America,
true to its reputation, is considering a huge scheme
for feeding the eastern states, including Boston, New
York and Washington, from super-power stations at
220 000 volts.

The Englishman prides himself on showing a high
percentage of deeds to words, but in electrical matters
the percentage is at present very low, and it is only
by the most strenuous and disinterested joint effort
during the next few years that we shall be able to
satisfy the expectations we have raised. If we are
equal to the task and can raise this country to a high
level of electrical development, we shall be amply
repaid, both by its effect on the prosperity of the
industrial life of the country and by the assistance
which it will afford to our electrical manufacturing
industry in obtaining a worthy share in the markets
of the world.




